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(54) Cylindrical roller bearing 

(57) There is disclosed a cylindrical roller bearing 
(1 4) comprising an inner ring (1 ) having a raceway (1 a) 
on an outer periphery thereof, an outer ring (2) having 
a raceway (2a) on an inner periphery thereof, and a plu- 
rality of cylindrical rollers (3) rotatably arranged between 
the raceway (1a) of the inner ring (1) and the raceway 
(2a) of the outer ring (2). At least one of the inner ring 
(1) and the outer ring (2) is provided with collars (1b) 
respectively on both sides of its raceway (1a), and at 
least one of the collars (1 b) being provided with a recess 
(1c) at a corner where the raceway (1) intersects a collar 
surface (1 b1). A critical skew angle G T , that is a maxi- 
mum skew angle at which a boundary between an end 
face and a chamfer of the cylindrical roller (3) makes 
contact with a boundary between the collar surface 
(1b1) and the recess (1c), is restricted to be a predeten 
mined angle or smaller. 

Contact surface pressure P increases rather drastically 
in proportion to skew angle 6 within the range of 0 < G < 
8 T , but because the critical skew angle &r is restricted 
to be small, the contact surface pressure P changes in 
a low range below a certain level P 0 at which wear oc- 
curs in contact portions. Thus restricting the critical skew 
angle Bj to a small angle reduces the contact surface 
pressure P and suppresses heat generation and wear 
in the contact portions. 
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Description 

Background of the Invention 
Field of the Invention 

[0001] The present Invention relates to a cylindrical 
roller bearing suitable for supporting a shaft in high 
speed installations such as machining tools, jet aircraft 
engines, and gas turbines. 

Description of the Related Art 

[0002] Spindle apparatuses of machining tools such 
as machining centers, CNC lathe turning machines, mill- 
ing machines, and the like are often operated at high 
speed for the sake of better machining efficiency and 
higher precision of work, and the recent trend is toward 
further increase in the speed of spindle rotation. 
[0003] Generally, in a spindle apparatus of a machin- 
ing tool, the spindle is supported rotatably relative to the 
housing by rolling bearings respectively disposed at the 
front side or tool side and at the rear side opposite the 
tool side. Lubrication of the rolling bearings is achieved 
by any of oil mist lubrication, air/oil lubrication, jet lubri- 
cation, and grease lubrication, in accordance with vari- 
ous conditions of use. The rolling bearing on the front 
side normally has a structure that does not allow any 
axial displacement of the spindle and so is a "fixed side", 
while the bearing on the rear side has a structure that 
allows for some axial displacement of the spindle for ab- 
sorbing or relieving expansion of the spindle in the axial 
direction due to heat generated during the operation, 
and thus this side is a "free side." Duplex angular ball 
bearings, or duplex angular ball bearings with double 
row cylindrical roller bearings are commonly used as the 
roller bearing on the front side, while duplex angular ball 
bearings, or double row or single row cylindrical roller 
bearings are commonly used as the roller bearing on 
the rear side. 

[0004] A cylindrical roller bearing generally includes 
an inner ring having a raceway on its outer periphery, 
an outer ring having a raceway on its inner periphery, a 
plurality of cylindrical rollers ratatably arranged between 
the raceways of the inner and outer rings, and a cage 
for holding the cylindrical rollers at circumferentially 
spaced locations. 

[0005] The inner ring may be provided with collars on 
both sides, in which case there are provided recesses 
at respective corners where the collar surface of both 
collars and inner raceway intersect each other. These 
recesses are formed as a result of providing an undercut 
when grinding the raceways and the collar surfaces. 
Similarly, at the corners where the rolling surfaces and 
both end faces of the cylindrical rollers intersect, there 
are provided respective chamfers. The distance be- 
tween the axially opposing collar surfaces is slightly 
larger than the length of the cylindrical rollers, so that 



guide clearances are secured between the cylindrical 
rollers and the collars. 

[0006] Because the rolling surfaces of the cylindrical 
rollers and the raceways of the inner and outer rings 

5 make line contact with each other, the cylindrical roller 
bearings can hold heavy radial loads and are suitable 
for high speed applications. On the other hand, more 
heat is generated during high speed rotation in these 
bearings as compared to ball bearings, and the portions 

10 where the cylindrical rollers and the collars make sliding 
contact are particularly susceptible to heat generation 
and wear. That is, because the guide clearances men- 
tioned above allow for some freedom of inclination of 
the cylindrical rollers, the occurrence of "skew" is inev- 

15 itable, in which the axial line of the cylindrical rollers in- 
clines relative to the axial line of the bearing during ro- 
tation. When the cylindrical roller is skewed, an axial 
component is created in the drive force given by the ro- 
tating raceway, which will act as an axial thrust F on the 

20 cylindrical roller, pressing its end toward the collar on 
one side. This can cause high friction resistance in the 
sliding contact portions, resulting in heat generation and 
wear. 

[0007] Various improvements have been suggested 

25 so far with respect to such problem. Japanese Patent 
Publication No. Sho 58-43609, for example, shows a 
bearing construction in which the height of the recesses 
is made higher than the height of chamfers of the cylin- 
drical rollers, and in which the collar surfaces are pro- 

30 vided with an increasing taper at a predetermined angle 
toward the outside in axial direction , whereby lubrication 
state of the sliding contact portions is improved. 
[0008] Japanese Patent Laid-Open Publication No. 
Hei 7-12119 shows a bearing construction in which, 

35 when the cylindrical roller is skewed, its outer peripheral 
portion on either end face will contact the collar surface 
at a location toward the base end, so that the edge load 
on the sliding contact portion is reduced as compared 
to the case in which the outer peripheral portion on either 

40 end face of the cylindrical roller makes contact with a 
distal edge of the collar. 

[0009] The cylindrical rollers are free to incline by the 
amount of the guide clearances as noted above, and 
during rotation of the bearing, they rotate and revolve 

45 while changing their attitude from one second to the next 
within the range of maximum skew angle G MAX . 
[0010] Referring now to the model view of Fig. 7, when 
the cylindrical roller 23 is skewed at a skew angle G lower 
than the maximum skew angle G MAX > it is pressed by the 

50 axial thrust F mentioned above toward one side in the 
axial direction, and rolls in a state in which it is pressed 
against one of the collars 21b. The state of contact be- 
tween the cylindrical roller 23 and the collar 21 b chang- 
es as follows in accordance with the skew angle 6 in the 

55 range of 0<& r <G u <6 MAX . 

[0011] In the range of 0<G<e T , a boundary R13 be- 
tween the end face 23b and the chamfer 23c of the cy- 
lindrical roller 23 makes contact with a boundary R1 1 
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between the collar surface 21 b1 and the recess 21 c as 
Indicated by a black circle in Fig. 8, while, in the range 
of G T < G < Q u , the boundary R1 3 between the end face 
23b and the chamfer 23c of the cylindrical roller 23 
makes contact with the collar surface 21 b1 as indicated 
by a black circle in Fig. 9. As the skew angle 8 approach- 
es Gj, the boundary R1 3 between the end face 23b and 
the chamfer 23c of the cylindrical roller 23 makes con- 
tact with a boundary R12 between the collar surface 
21 b1 and the chamfer 21 b3 (not shown). The maximum 
skew angle G MAX will have been reached when both end 
portions of the cylindrical roller 23 respectively make 
contact with the collars 21 b on both sides (not shown). 
[0012] Fig. 10 shows the relationship between the 
skew angle G of the cylindrical rollers 23 and the contact 
surface pressure P between the cylindrical rollers 23 
and the collars 21b in solid line, and the relationship be- 
tween the skew angle 6 and the axial thrust F acting on 
the cylindrical rollers 23 in broken line. As can be seen 
from the drawing, the axial thrust F increases in propor- 
tion to the skew angle 6. 

[001 3] The contact surface pressure P increases rath- 
er drastically with the increase of the skew angle G in 
the range of 0<G<G T . This is because the cylindrical roll- 
er 23 and the collar 21b make contact with each other 
at the boundaries R1 3 and R1 1 as shown in Fig. 8, and 
because the axial thrust F becomes larger with the in- 
crease of the skew angle G. It was ascertained through 
tests that, in the range of G 0 <G<6 T indicated by cross 
hatching in Fig. 1 0 in particular, the contact surface pres- 
sure P exceeds a certain level P 0 at which wear occurs 
in the contact portions. 

[0014] After the skew angle G exceeds Gj, the surface 
contact pressure P decreases below the level P 0 and 
moves stably within a relatively low range irrespective 
of the increase of the skew angle G. This is because the 
state of contact between the cylindrical roller 23 and the 
collar 21 b has changed from the state of contact at the 
boundaries R13 and R11 shown in Fig. 8 to the state of 
contact between the boundary R13 and the collar sur- 
face 21 b1 shown in Fig. 9. 

[0015] As the skew angle G approaches G Uf the con- 
tact surface pressure P increases abruptly and exceeds 
the level P 0 at the time point when it reaches the value 
G y . This is because the state of contact between the cy- 
lindrical roller 23 and the collar 21b has changed from 
the state of contact between the boundary R1 3 and the 
collar surface 2 1 b1 shown in Fig. 9 to the state of contact 
at the boundaries R13 and R12. 
[0016] As described above, the contact surface pres- 
sure P between the cylindrical rollers and the collars is 
beyond the level P 0 at which wear occurs in the contact 
portions before the skew angle reaches its maximum 
level G MAX , namely in the ranges of G 0 <G<Gt and G y < 6 
< G MAX , and this is considered to be a substantial factor 
in causing heat generation and wear in the contact por- 
tions. 

[0017] There is no mention of the phenomenon de- 



scribed above in Japanese Patent Publication No. Sho 
58-43609 mentioned above and so it is not directed to 
resolve this problem. Japanese Patent Laid-Open Pub- 
lication No. Hei 7-12119 mentioned above merely de- 

5 fines a contact state between outer peripheral portions 
on either end face of the cylindrical rollers and the collar 
surfaces at a maximum skew angle G MAX . It does not 
refer to, nor does it provide a solution, to the problem 
arising before the skew angle reaches its maximum lev- 

10 elG MAX . 

[0018] In a construction in which duplex angular ball 
bearings are used on the rear side, clearances are given 
between the outer ring of the bearing and the housing 
so as to allow sliding displacement therebetween, be- 

15 cause the bearings themselves cannot accommodate 
axial displacement of the spindle. Alternatively, a sliding 
member such as a ball bush maybe interposed between 
the outer ring and the housing. In the former construc- 
tion, however, the clearances between the outer ring 

20 and the housing may lead to creep and wear in the con- 
tact portions therebetween particularly when the rota- 
tion speed of the spindle is high. In the latter construc- 
tion, the provision of additional sliding members such as 
ball bushes results in larger numbers of components 

25 and assembling steps. Furthermore, the problem com- 
mon to both constructions is that costs tend to be high 
because of the use of angular ball bearings which re- 
quire two bearings in combination and which often use 
ceramic balls to be suitable for higher speed applica- 

30 tions. Thus the spindle apparatus could be improved in 
this respect for achieving cost reduction. 
[0019] Cylindrical roller bearings, on the other hand, 
can advantageously be used for the rear side for resolv- 
ing the above problems, because axial displacement of 

35 the spindle can be absorbed or relieved by sliding dis- 
placement between the cylindrical rollers and the race- 
ways. Moreover, cylindrical roller bearings can hold 
heavy radial loads because the cylindrical rollers and 
the raceways make line contact, and therefore they are 

40 preferable in securing necessary rigidity of the spindle. 
On the other band, cylindrical roller bearings have the 
problem that more heat is generated during high speed 
rotation as compared to angular ball bearings. 
[0020] Driving system for spindle apparatus has re- 

45 cently changed from the belt drive system to a built-in 
motor drive system in which the spindle is rotated at h igh 
speed by a built-in motor, and the latter is now the main- 
stream because of the demands for higher speed and 
efficiency. In a spindle apparatus with this drive system, 

so however, there tends to be a difference in the tempera- 
ture between the spindle and the housing due to the 
built-in motor which generates heat, because of which 
the negative clearances in the rolling bearings are in- 
creased as compared to an apparatus with the belt drive 

55 system, i.e., they are operated in a pre-loaded condition. 
There is also the problem that thermal expansion of the 
spindle in the axial direction tends to be large because 
of the long span between the rolling bearings on the front 
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side and on the rear side. 
Brief Summary of the Invention 

[0021] In view of the above considerations, the 5 
present invention has been devised to provide improve- 
ments for cylindrical roller bearings. 
[0022] More specifically, an object of the present in- 
vention is to provide a cylindrical roller bearing in which 
contact surface pressure between cylindrical rollers and 10 
collars, particularly before the skew angle of the cylin- 
drical rollers reaches its maximum level G MAX , is re- 
duced, whereby heat generation and wear in contact 
portions are reduced, and which is thereby made suita- 
ble for high speed applications. 1 * 
[0023] Another object of the present invention is to 
provide a cylindrical roller bearing suitable for a spindle 
apparatus of a machining tool operated at higher speed. 
[0024] Yet another object of the present invention is 
to provide a cylindrical roller bearing generating less 20 
heat during high speed rotation and thus being more 
suitable for high speed applications. 
[0025] A further object of the present invention is to 
provide a cylindrical roller bearing suitably used partic- 
ularly for the rear side of a spindle apparatus of a ma- 25 
chining tool which is operated at high speed. 
[0026] To achieve the above objects, the present in- 
vention provides a cylindrical roller bearing including an 
inner ring having a raceway on its outer periphery, an 
outer ring having a raceway on its inner periphery, and 30 
a plurality of cylindrical rollers rotatably arranged be- 
tween the raceway of the inner ring and the raceway of 
the outer ring, at least one of the inner ring and the outer 
ring being provided with collars respectively on both 
sides of its raceway, and at least one of the collars being 35 
provided with a recess at a corner where the raceway 
intersects a collar surface, wherein a critical skew angle 
G T , that is a maximum skew angle at which a boundary 
between an end face and a chamfer of the cylindrical 
roller makes contact with a boundary between the collar *o 
surface and the recess, is restricted to a predetermined 
angle or smaller. 

[0027] By restricting the critical skew angle ^ to a pre- 
determined angle or smaller, the contact state between 
the cylindrical rollers and the collars can be changed ^ 
from the state shown in Fig. 8 wherein the boundaries 
are in contact with each other to the state shown in Fig. 
9 wherein the boundary and the collar surface are in 
contact with each other at a smaller skew angle, where- 
by the contact surface pressure is reduced. so 
[0028] The present invention can be applied to vari- 
ous known types of single row cylindrical roller bearings 
such as N-type (two-collar inner ring), NU-type (two-col- 
lar outer ring), NF-type (two-collar inner ring, one-collar 
outer ring). N J-type (one-collar inner ring, two-collar out- 55 
er ring), and NUP-type (two-collar inner ring with one of 
the collars being a separately-prepared collar ring, two- 
collar outer ring). In a construction wherein collars are 
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formed by separate collar rings, recesses may not be 
provided to the comers where the collar surfaces and 
raceways meet. The present invention can also be ap- 
plied to various known types of double row or multi-row 
cylindrical roller bearings. 

[0029] The critical skew angle 8 T can be restricted to 
the predetermined angle or smaller by controlling vari- 
ous dimensions, such as dimensional difference 8 be- 
tween the height hi of the recess and the height h2 of 
the chamfer of the cylindrical rollers, the inclination an- 
gle of the collar surface, and dimensions of chamfers of 
the cylindrical rollers, within predetermined limits. Pref- 
erably, the restriction of the critical skew angle G T should 
be achieved through controlling the dimensional differ- 
ence 8 within a predetermined limit. More specifically, it 
has been ascertained through tests to be described later 
that favorable results can be achieved by controlling the 
dimensional difference 6 to be 0.3 mm or smaller, most 
preferably, 0.25 mm or smaller. 
[0030] It has also been ascertained through tests to 
be described later that favorable results can be 
achieved by restricting the critical skew angle ^ to be 
14 minutes or smaller. For example, if the inclination an- 
gle of the collar surface is in a range of from 15 to 40 
minutes and the chamfers of the cylindrical rollers are 
within the dimensional range specified in JIS (Japanese 
Industrial Standard) B1506, the condition of G T < 14 min- 
utes can be satisfied by controlling the dimensional dif- 
ference 8 to be 0.3 mm or smaller, most preferably, 0.25 
mm or smaller. 

[0031] In order to restrict the critical skew angle G T 
within the predetermined limit, more particularly, in order 
to achieve this by controlling the dimensional difference 
5, at least one of the chamfers of the cylindrical rollers 
and the recesses provided to the inner ring should pref- 
erably be formed by machining such as grinding after a 
heat treatment. Thereby, dimensional variations due to 
thermal deformation of the chamfers of the cylindrical 
rollers and the recesses of the inner ring are reduced, 
and the dimensional difference 8 can be controlled pre- 
cisely. 

[0032] In the above construction, a maximum skew 
angle e MAX , at which both ends of the cylindrical rollers 
respectively make contact with the collars on both sides, 
may be restricted to be a predetermined angle or small- 
er. The maximum skew angle e MAX can be restricted to 
the predetermined angle or smaller by controlling vari- 
ous dimensions, such as guide clearances between cy- 
lindrical rollers and collars, the height hi of the recess- 
es, the height h2 of the chamfers of the cylindrical roll- 
ers, the height of the collars, the inclination angle of the 
collar surface, and the height of the chamfers between 
the collar surface and the outer diameter surface, within 
predetermined limits. By restricting the maximum skew 
angle G MAX to be a predetermined angle or smaller, the 
possibility that the cylindrical rollers and the collars 
make contact with each other with high contact surface 
pressure in a range near the maximum skew angle G MAX 
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is reduced, or in other words, the angle range of 
e u ^e<e MAX in Fig. 10 is made narrower, whereby heat 
generation and wear in contact portions are reduced. It 
has been ascertained through tests to be described later 
that favorable results can be achieved by restricting the 
maximum skew angle e MAX to be 37 minutes or smaller. 
[0033] The cylindrical roller bearing according to the 
present invention is suitable for a spindle apparatus of 
a machining tool, and in particular, it exhibits favorable 
properties when the apparatus is operated with a neg- 
ative internal clearance and with a grease lubrication 
system. 

[0034] According to the present invention, there is 
provided a cylindrical roller bearing in which heat gan- 
eration and wear in contact portions between cylindrical 
rollers and collars are suppressed and which is thereby 
made suitable for high speed applications, and particu- 
larly suitable for a spindle apparatus of a machining tool 
which is operated at high speed. 
[0035] To achieve the above objects, the present in- 
vention also provides a cylindrical roller bearing includ- 
ing an inner ring having a raceway on an outer periphery 
thereof, an outer ring having a raceway on an inner pe- 
riphery thereof, and a plurality of cylindrical rollers rotat- 
ably arranged between the raceway of the inner ring and 
the raceway of the outer ring, wherein a condition of 0.3 
< Da/H < 0.45 is satisfied, where Da is a diameter of the 
cylindrical rollers and H is a cross-sectional height ex- 
pressed as (D-d)/2, where D is an outer diameter of the 
bearing and d is an inner diameter of the bearing, and 
wherein a condition of 0.3 < Lw/B < 0.45 is satisfied, 
where Lw is a length of the cylindrical rollers and B is a 
width of the bearing. If the inner ring and the outer ring 
have different widths, then "the width of the bearing B" 
should be the width of the outer ring. 
[0036] Rolling bearings incorporated in a spindle ap- 
paratus of machining tool are normally operated under 
a pre-loaded condition because of the negative radial 
internal clearance, which is initially zero or very small 
but then increased during rotation due to temperature 
difference between inner and outer rings. Therefore, if 
the diameter Da and the length Lw of the cylindrical roll- 
ers are too large relative to other dimensions, heat will 
be generated more readily in contact portions between 
the cylindrical rollers and the raceways. 
[0037] If the bearing includes a cage, too large a di- 
ameter Da and length Lw of the cylindrical rollers are 
disadvantageous in securing necessary rigidity and 
strength of the cage. That is, a large diameter Da relative 
to the cross-sectional height H means a small spacing 
between adjacent cylindrical rollers, which makes it dif- 
ficult to make the cage's pillars sufficiently thick in a cir- 
cumferential direction. Similarly, if the length Lw is large 
relative to the bearing width B, then the cage's annular 
portions cannot be made sufficiently thick in the axial 
direction. Since the cage must hold large loads from cy- 
lindrical rollers especially under the pre-loaded condi- 
tion because of a large lag in roller's revolving motion, 



if the cage is not sufficiently thick, it cannot have re- 
quired rigidity and strength particularly if it is made of a 
resin material. 

[0038] On the other hand, if the diameter Da and the 

5 length Lw of the cylindrical rollers are too small relative 
to other dimensions, then the basic load rating will be 
too small, resulting in reduced bearing life. Similarly, if 
the diameter Da is small relative to the cross-sectional 
height H, the cage cannot be made sufficiently thick in 

10 a radial direction. 

[0039] In consideration of the above, the present in- 
vention determines the optimal ranges for the ratio of 
Da to H, and the ratio of Lw to B as 0.3 < Da/H < 0.45 
and 0.3 < Lw/B < 0.45. By setting the ratios Da/H and 

15 Lw/B within the above ranges, heat generation in con- 
tact portions between the cylindrical rollers and the race- 
ways is suppressed, while a required basic load rating 
is secured, and if the bearing includes a cage, the cage 
can be made sufficiently thick to have required rigidity 

20 and strength. Because the ratio Lw/B satisfies the con- 
dition of 0.3 < Lw/B < 0.45, assembling tolerances in 
locating the cylindrical rollers relative to raceways are 
larger than in conventional constructions, leading to 
ease of assembly. 

25 [0040] Moreover, in the cylindrical roller bearing of the 
present invention applied to the rolling bearing on the 
rear side of a spindle apparatus, the tolerances for slid- 
ing displacement between cylindrical rollers and race- 
ways are larger than in conventional constructions. 

30 Therefore, it can advantageously be used particularly in 
a spindle apparatus incorporating a built-in motor, in 
which thermal expansion of the spindle is relatively large 
because of the long span between the front side and the 
rear side. Also, even though the bearing has the same 

35 inner diameter and the outer diameter as duplex angular 
ball bearings, its rigidity is equal to or larger than that of 
the latter. Accordingly, by adopting the cylindrical roller 
bearing of the present invention in place of conventional 
duplex angular bail bearings, cost reduction of spindle 

40 apparatus can be achieved. 

[0041 ] The cylindrical roller bearing of the present in- 
vention includes various known types such as N-type 
(two-collar inner ring), NU-type (two-collar outer ring), 
NF-type (two-collar inner ring, one-collar outer ring), NJ- 

45 type (one-collar inner ring, two-collar outer ring), and 
NUP-type (two-collar inner ring with one of the collars 
being a separately-prepared collar ring, two-collar outer 
ring). 

[0042] If the cage is made of a resin material, it should 
so preferably be formed by such a material that has excel- 
lent wear resistance, heat resistance, light weightness, 
and mechanical strength. Fiber-reinforced polyether- 
ether-ketone is a good example of such a resin material. 
The cage may be fabricated by any known methods, but 
55 for achieving a high mass-productivity, resin injection 
molding is preferable. 

[0043] The present invention also provides a spindle 
apparatus of a machining tool, including a housing, a 
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spindle accommodated in the housing, a rolling bearing 
on a front side and a rolling bearing on a rear side for 
rotatably supporting the spindle relative to the housing, 
wherein the rolling bearing on the rear side is a cylindri- 
cal roller bearing including an inner ring having a race- 
way on an outer periphery thereof, an outer ring having 
a raceway on an inner periphery thereof, and a plurality 
of cylindrical rollers rotatably arranged between the 
raceway of the inner ring and the raceway of the outer 
ring, wherein acondition of 0.3 < Da/H < 0.45 is satisfied, 
where Da is a diameter of the cylindrical rollers and H 
is a cross-sectional height expressed as (D-d)/2, where 
D is an outer diameter of the bearing and d is an inner 
diameter of the bearing. 

[0044] In the above construction, the ratio of the 
length Lw of the cylindrical rollers to the bearing width 
B should preferably satisfy the condition of 0.3 < Lw/B 
< 0.45, and if a cage is provided, it should preferably be 
made of a resin material. 

[0045] The present invention is particularly suitable 
for a built-in type spindle apparatus in which the spindle 
is rotated by a built-in motor. 

[0046] According to the present invention, there is 
provided a cylindrical roller bearing which generates 
less heat during high rotation and thus is more suitable 
for high speed applications. 

[0047] Also, there is provided a cylindrical roller bear- 
ing suitably used particularly for the rear side of a spindle 
apparatus of a machining tool which is operated at high 
speed. 

Brief Description of the Drawings 

[0048] Fig. 1 is a cross-sectional view showing one 
example of the structure for a spindle apparatus of a ma- 
chining tool. 

[0049] Fig. 2 is a cross-sectional view showing a cy- 
lindrical roller bearing according to one embodiment of 
the invention. 

[0050] Fig. 3 is an enlarged cross-sectional view 
showing the vicinity of an end portion of a cylindrical roll- 
er and a collar. 

[0051] Fig. 4 is a graph showing the relationship be- 
tween the skew angle 6 of cylindrical rollers in the cylin- 
drical roller bearing of this embodiment and contact sur- 
face pressure P between cylindrical rollers and collars 
in solid line, and the relationship between the skew an- 
gle G and the axial thrust F acted on the cylindrical rollers 
in broken line. 

[0052] Fig. 5 is a graph showing test results. 
[0053] Fig. 6 is a graph showing test results. 
[0054] Fig. 7 is a model view of a cylindrical roller be- 
ing skewed at a skew angle G lower than a maximum 
skew angle 0 MAX and making contact with a collar on 
one side. 

[0055] Fig. 8 is a diagram showing a state wherein a 
boundary between an end face and chamfer of a cylin- 
drical roller is in contact with a boundary between a col- 



lar surface and a recess. 

[0056] Fig. 9 is a diagram showing a state wherein the 
boundary between the end face and the chamfer of the 
cylindrical roller is in contact with the collar surface. 

5 [0057] Fig. 1 0 is a graph showing the relationship be- 
tween the skew angle 9 of cylindrical rollers in a conven- 
tional cylindrical roller bearing and contact surface pres- 
sure P between cylindrical rollers and collars in solid 
line, and the relationship between the skew angle 9 and 

10 the axial thrust F acted on the cylindrical rollers in broken 
line. 

[0058] Fig. 11 is a cross-sectional view showing a cy- 
lindrical roller bearing according to another embodiment 
of the invention. 
15 [0059] Fig. 12(a) is a partial top plan view of a cage, 
Fig. 12(b) is a cross section taken along the line b-b of 
Fig. 12(a), and Fig. 12(c) is across section taken along 
the line c-c of Fig. 12(a). 

[0060] Fig. 13 is a partial enlarged cross-sectional 
20 view showing the vicinity of a pillar of the cage. 

[0061] Fig. 14 is a graph showing the relationship be- 
tween rotation speed and temperature rise of an outer 
ring underthe condition in which air/oil lubrication is pro- 
vided. 

25 [0062] Fig. 1 5 is a graph showing the comparison cal- 
culation results of radial rigidity. 
[0063] Fig. 1 6 is a graph showing the relationship be- 
tween rotation speed and temperature rise of the outer 
ring under the condition in which grease lubrication is 

30 provided. 

Detailed Description of the Invention 

[0064] Preferred embodiments of the present inven- 
35 tion will be hereinafter described with reference to the 
accompanying drawings. 

[0065] Fig. 1 shows one example of the structure of a 
spindle apparatus in a machining tool such as a machin- 
ing center, grinder and the like. The illustrated spindle 

40 apparatus is a built-in type, in which a spindle 11 is ro- 
tated at high speed by a built-in motor 1 0. The motor 1 0 
is disposed in an axially central portion of the spindle 
apparatus and made up of a rotor 10a mounted on the 
outer periphery of thespindle 11 and a stator 1 0b mount- 

45 ed on the inner periphery of the housing 1 2. Electric cur- 
rent applied to the stator 1 0b creates an excitation force 
between the stator 10b and the rotor 10a, whereby the 
spindle 11 is rotated at high speed. 
[0066] The rotating spindle 11 is rotatably supported 

so with respect to the housing 12 by roller bearings respec- 
tively arranged at either end of the motor 10, i.e., the 
front side or tool side and at the rear side opposite the 
tool side. The rolling bearing on the rear side normally 
has a structure that allows for some axial displacement 

55 of the spindle 1 1 for absorbing or relieving expansion of 
the spindle 11 in the axial direction due to heat gener- 
ated during the operation, and thus this side is a "free 
side." Duplex angular ball bearings 13 consisting of a 
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pair of angular ball bearings are used as the rolling bear- 
ing on the front side, and a single row cylindrical roller 
bearing 1 4 is used as the rolling bearing on the rear side. 
[0067] Fig. 2 shows the cylindrical roller bearing 14 
disposed on the rear side. The cylindrical roller bearing 
14 includes an inner ring 1 having a raceway 1a on its 
outer periphery, an outer ring 2 having a raceway 2a on 
its inner periphery, a plurality of cylindrical rollers 3 ro- 
tatably arranged between the raceway 1a of the inner 
ring 1 and the raceway 2a of the outer ring 2, and a cage 

4 for holding the cylindrical rollers 3 at circumferentially 
spaced locations. The inner ring 1 includes collars 1b 
on both sides thereof. The cage 4 can be made of a resin 
material. 

[0068] As shown in the enlarged view of Fig. 3, re- 
cesses 1c are provided respectively at corners where 
the collar surface 1b1 of both collars 1b and the raceway 
1 a of the inner ring 1 intersect each other. These recess- 
es 1c are formed as a result of providing an undercut 
when grinding the raceways 1a and the collar surfaces 
1b1. In this embodiment, the collar surface 1b1 has an 
increasing taper from inside to outside to be wider in the 
radial direction, and thecorners where the collar surface 
1b1 and an outer diameter surface 1b2 of the collar 1b 
intersect each other are provided with chamfers 1 b3. Al- 
so, the corners where the rolling surface 3a and both 
end faces 3b of the cylindrical roller 3 intersect each oth- 
er are provided with chamfers 3c. The distance between 
the axially opposing collar surfaces 1 b1 is slightly larger 
than the length of the cylindrical roller 3, so that guide 
clearances S are formed between the end faces 3b of 
the cylindrical roller 3 and the collar surfaces 1 b1 . 
[0069] In this embodiment, the height hi of the re- 
cesses 1 c is set larger than the height h2 of the chamfers 
3c of the cylindrical roller 3. The dimensional difference 

5 between height hi and h2 (=h1 - h2) is controlled with- 
in a specified limit so that the critical skew angle 8 T men- 
tioned above does not exceed a predetermined value. 
In this embodiment, the recesses 1c and the chamfers 
3c are finished by a machining process such as grinding 
after the heat treatment of the inner ring 1 and the cy- 
lindrical rollers 3 so as to ensure required dimensional 
precision and to control the dimensional difference 5 
within the specified limit The height hi is the distance 
from the raceway 1a to a boundary R1 between the re- 
cess 1c and the collar surface 1b1 in the radial direction. 
The height h2 is the distance from a boundary R4 be- 
tween the rolling surface 3a and the chamfer 3c to a 
boundary R3 between the chamfer 3c and the end face 
3b in the radial direction. 

[0070] In order to reduce surface contact pressure, at 
least one of these boundaries R1-R3 and a boundary 
R2 between the collar surface 1 b1 and the chamfer 1 b3 
should preferably be a curved surface such as a circular 
arc surface having a curvature radius of 0.1 to 0.3 mm 
so as to be smoothly continuous with adjoining surfaces. 
For example, if the boundary R1 is to be provided with 
such a configuration, the position of the boundary R1 , 



which is the basis for determining the height hi , should 
be an intersection between an imaginary extension line 
of the recess 1 c and an imaginary extension line ofthe 
collar surface 1 b1 . Similarly, if the boundary R3 is to be 

5 provided with such a configuration, the position of the 
boundary R3 being the basis for determining the height 
h2 should be an intersection between an imaginary ex- 
tension line of the chamfer 3c and an imaginary exten- 
sion line of the end face 3b. If the boundary R4 is to be 

10 provided with such a configuration, the position of the 
boundary R4 being the basis for determining the height 
h2 should be an intersection between an imaginary ex- 
tension line of the rolling surface 3a and the imaginary 
extension line of the chamfer 3c. 

15 [0071] The guide clearances S, the height hi and h2, 
the height of the collar 1 b or the distance from the race- 
way 1 a to the outer diameter surface 1 b2 of the collar 
1 b in the radial direction, the inclination angle of the col- 
lar surface 1b1 , and the height of the chamfer 1b3 or the 

20 distance from the boundary R2 to the outer diameter 
surface 1b2 in the radial direction are all controlled, so 
that the maximum skew angle G MAX does not exceed a 
predetermined value. 

[0072] The inner ring 1 of the cylindrical roller bearing 

25 14 is coupled on the outer periphery ofthe spindle 11 , 
while its outer ring 2 is coupled on the inner periphery 
of the housing 12, as shown in Fig. 1. Radial internal 
clearances of the bearing in operation are negative 
clearances, for example, and lubrication is provided in- 

30 side the bearing by any of oil mist lubrication, air/oil lu- 
brication, jet lubrication, and grease lubrication. 
[0073] When the spindle 11 is rotated at high speed 
by the motor 10 built in the spindle apparatus 11, it is 
rotatably supported by the angular ball bearings 13 on 

35 the front side and the cylindrical roller bearing 1 4 on the 
rear side with respect to the housing 12. Any thermal 
expansion of the spindle 11 in the axial direction due to 
temperature rise during the operation is absorbed or re- 
lieved by sliding displacement between the outer ring 2 

40 and the cylindrical rollers 3 of the cylindrical roller bear- 
ing 14. 

[0074] Fig. 4 shows the relationship between the 
skew angle G of the cylindrical rollers 3 in the cylindrical 
roller bearing 1 4 of this embodiment and the contact sur- 
45 face pressure P between the cylindrical rollers 3 and the 
collars 1 b in solid line, and the relationship between the 
skew angle G and the axial thrust F acted on the cylin- 
drical rollers 3 in broken line. 

[0075] The contact surface pressure P increases rath- 
50 er drastically with the increase of the skew angle G in 
the range of 0 < 6 < 6 T . However, as compared to the 
case with the prior art shown in Fig. 10, because the 
critical skew angle G T is restricted to a small angle, the 
contact surface pressure P changes under the certain 
55 level P 0 at which wear occurs in the contact portions, i. 
e., there is no portion in Fig. 4 corresponding to the por- 
tion indicated by cross hatching in Fig. 10. That is, even 
if the cylindrical roller 3 makes contact with the collar 1 b 



8 



11/1/2007, EAST Version: 2.L0.14 



13 



EP1 347185 A2 



14 



at the boundary R3 and the boundary R1 as shown in 
Fig. 8, if the skew angle 6 is small, the axial thrust F that 
presses the cylindrical roller 3 against the collar 1b is 
small, and therefore the contact surface pressure P is 
also relatively small. 

[0076] In the range of 9y < 6 < fly, the surface contact 
pressure P moves stably within a relatively low range 
irrespective of the increase of the skew angle G, as with 
the prior art case shown in Fig. 1 0. 
[0077] As the skew angle G approaches the value Q u , 
the contact surface pressure P increases abruptly and 
exceeds the level P 0 at the time point when it reaches 
the value Q u . However, as compared to the case with 
the prior art shown in Fig. 10, because the maximum 
skew angle G MAX is restricted to a small angle, the angle 
range G y < 8 < G MAX within which the contact surface 
pressure P exceeds the level P 0 is much narrower. 
[0078] As described above, because the critical skew 
angle G T is restricted to a smaller angle than conven- 
tionally practiced, the contact state of the cylindrical roll- 
er 3 and the collar 1 b is changed from the state of con- 
tact between the boundary R3 and the boundary R1 as 
shown in Fig. 8 to the state of contact between the 
boundary R3 and the collar surface 1 b1 as shown in Fig. 
9 at a smaller skew angle. The contact surface pressure 
P is thereby reduced, and wear and heat generation in 
the contact portions are suppressed. 
[0079] Furthermore, because the maximum skew an- 
gle e MAX is restricted to a smaller angle than conven- 
tionally practiced, so that the angle range G y <> G < 6 MAX 
within which the contact surface pressure P exceeds the 
level P 0 is made narrower, the possibility that the cylin- 
drical roller 3 and the collar 1 b make contact with each 
other with a pressure larger than the level P 0 is made 
lower. Thereby, wear and heat generation in the contact 
portions are suppressed. 

[0080] Test bearings respectively having different di- 
mensional differences 8 were prepared and the relation- 
ship between the dimensional difference 8 and critical 
skew angle G T were obtained. These test bearings were 
set in a test machine, which was operated under the fol- 
lowing conditions, to find out how wear occurs at end 
portions of the cylindrical rollers. The results are shown 
in Fig. 5. 

[Test Conditions] 

[0081] 

Test Bearing: Single Row Cylindrical Roller Bearing 
N3020 

Diameter of Cylindrical Roller. 11 mm 
Length of Cylindrical Roller: 11 mm 
20 min. < G MAX < 40 min. 

Rotation Speed: 6000rpm (dn = 60 x 10 4 ) 
Internal Clearance (Radial Internal Clearance after 



Assembly): -10 ujn 
Lubrication: Grease 
Operation Time: 100 Hours 

5 [0082] As can be seen from Fig. 5, the critical skew 
angle 8 T was smaller in accordance with the decrease 
in the dimensional difference 5: In the range of 8 < 0.25 
mm, the critical skew angle G T was less than 1 5 minutes. 
According to observation results after the operation, 

10 when 8 > 0.3 mm, wear of 0.5 \im or more occurred at 
end portions of the cylindrical rollers in most test bear- 
ings. However, when 8 < 0.25 mm, wear of 0.5 ujn or 
more occurred in very few test bearings, and in fact wear 
hardly occurred or only slightly in most test bearings. 

15 This shows that the condition of 8 < 0.3 mm, preferably 
8 < 0.25 mm, is effective in suppressing heat generation 
and wear in contact portions between the cylindrical roll- 
ers and the collars. 

[0083] Next, test bearings of the same type as above 
20 having various different critical skew angles Gy and max- 
imum skew angles G MAX were prepared, and these test 
bearings were set in a test machine, which was then op- 
erated under the same conditions given above, to find 
out how wear occurs at end portions of the cylindrical 
25 rollers. The results are shown in Fig. 6. 

[0084] As shown in Fig. 6, the level of wear differed 
depending on the critical skew angles G T and the maxi- 
mum skew angles G MAX . In relation to the critical skew 
angle Gy, when G x > 14 minutes, wear of 0.5 \irr\ or more 
30 occurred in most of the test bearings, whereas when G T 

< 14 minutes, wear hardly occurred or only slightly in 
most test bearings. This shows that the condition of Gj 
£ 14 minutes is effective in suppressing heat generation 
and wear in contact portions between the cylindrical roll- 

35 ers and the collars. In relation to the maximum skew an- 
gle 6 MAX , when G MAX > 37 minutes, wear of 0.5 jam or 
more occurred in most of the test bearings, whereas 
when G MAX < 37 minutes, wear hardly occurred or only 
slightly in most test bearings. This shows that the con- 

40 dition of G MAX < 37 minutes is effective in suppressing 
heat generation and wear in contact portions between 
the cylindrical rollers and the collars. Meanwhile, wear 
of 0.5 jim or more did occur in some of the test bearings 
even when Gr<14 minutes and G MAX <37 minutes. This 

45 is considered to be because of local generation of heat 
and subsequent lack of lubrication in portions where the 
guide clearances between cylindrical rollers and collars 
were diminished for some reason or other such as ma- 
chining tolerances of various components or tempera- 

50 ture difference between the inner ring and the cylindrical 
rollers during the operation. The results in the drawing 
show that the above situation arises in the range of G MAX 

< 20 minutes, and therefore G MAX should preferably be 
20 minutes or larger. To sum up, the conditions of G T < 

55 14 minutes and 20 minutes < G MAX < 37 minutes will be 
most effective in suppressing heat generation and wear 
in contact portions between the cylindrical rollers and 
the collars. To satisfy the condition of 20 minutes < G MAX 
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< 37 minutes, the guide clearances between the cylin- 
drical rollers and the collars should be in the range of 
from 0.2% to 0.45% of the length of the cylindrical roll- 
ers. 

[0085] Fig. 11 shows a cylindrical roller bearing 14' 
disposed on the rear side according to another embod- 
iment of the invention. The cylindrical roller bearing 14' 
includes an inner ring 1 1 having a raceway 1 a' on its out- 
er periphery, an outer ring 2' having a raceway 2a' on its 
inner periphery, a plurality of cylindrical rollers 3' rotat- 
ably arranged between the raceway 1 a 1 of the inner ring 
1' and the raceway 2a' of the outer ring 2', and a cage 
4' for holding the cylindrical rollers 3' at circumferentially 
spaced locations. The inner ring 1' includes collars 1b 1 
on both sides thereof. 

[0086] The ratio of the diameter Da of the cylindrical 
rollers 3' to its cross-sectional height H expressed as 
(D-d)/2 (D: outer diameter of the bearing, d: inner diam- 
eter of the bearing) is set to satisfy the condition of 0.3 

< Da/H < 0.45, and the ratio of the length Lw of the cy- 
lindrical rollers 3' to the width of the bearing B is set to 
satisfy the condition of 0.3 < Lw/B < 0.45, forthe reasons 
discussed in the foregoing. The ratio of the length Lw to 
the diameter Da of the cylindrical rollers 3' is Lw/Da = 1 , 
for example. In addition to the above settings, the 
number of the cylindrical rollers 3' is set to be a prede- 
termined value, i.e., fewer than the number of rollers 
normally provided in a standard cylindrical roller bear- 
ing, so that the bearing will have rigidity that is equal to 
or larger than that of combined angular ball bearings of 
the same inside and outer diameters. 

[0087] The cage 4' is made of a resin material, e.g., 
polyether-ether-ketone (PEEK) to which 20 to 40 wt% 
of glass fiber or carbon fiber is mixed. As shown in Fig. 
12, the cage 4' includes a pair of axially opposing annu- 
lar portions 4a, a plurality of pillars 4b connecting the 
pair of annular portions 4a in the axial direction with a 
certain spacing therebetween, and square pockets 4c 
provided in between each two circumferentially adjacent 
pillars 4b. Each pillar 4b consists of a base portion 4b2 
and a pair of tongue shaped portions 4b1 bifurcating in 
circumferential direction from the base portion 4b2. Ax- 
ial end walls of the pockets 4c are formed with slightly 
protruding contact surfaces 4c1 for guiding the end fac- 
es of the cylindrical rollers 3'. 

[0088] Circumferential end walls of the pockets 4c are 
formed by straight surfaces 4c2 on the inner diameter 
side and circular arc surfaces 4c3 on the outer diameter 
side as shown in the enlarged view of Fig. 1 3, and these 
surfaces are smoothly continuous with each other. 
The straight surface 4c2 is chiefly formed by a lateral 
face on one side of the base portion 4b2, and the circular 
arc surface 4c3 is chiefly formed by a lateral face on one 
side of the tongue shaped portion 4b1 . The circular arc 
surface 4c3 has a slightly larger radius of curvature than 
that of the rolling surface 3a of the cylindrical roller 3', 
so that, when the cylindrical roller 3' relatively moves a 
certain distance within the pocket 4c toward the outer 



diameter side, the circular arc surface 4c3 engages with 
the cylindrical roller 3' and stops it from slipping out to 
the outer diameter side. The straight surface 4c2 and 
the circular arc surface 4c3 also form a guiding surface 

s for guiding the rolling surface 3a of the cylindrical roller 
3'. Between the two inside lateral faces 4b3 of the 
tongue shaped portions 4b1 is a bottom face 4b4, and 
the corners 4b5 where the lateral faces 4b3 and the bot- 
tom face 4b4 meet are rounded surfaces. 

10 [0089] In this embodiment, various portions of the 
cage 4' have the following dimensions so as to secure 
required rigidity and strength: The ratio of the thickness 
U of the base portion of the tongue shaped portions 4b1 
(see Fig. 13) to the diameter Da of the cylindrical roller 

15 3' is set to be 0.2 or more, i.e., U/Da > 0.2. If the corners 
4b5 are rounded surfaces, the thickness U of the base 
portion is determined as the minimum distance from a 
reference point X, which is an intersection between the 
lateral face 4b3 and the corner 4b5, to the straight sur- 

20 face 4c2 or the circular arc surface 4c3. The ratio of the 
axial thickness W of the annular portion 4a (see Fig. 1 2 
(a)) to the length Lw of the cylindrical roller 3' is set to 
be 0.4 or more, i.e., W/Lw > 0.4. The ratio of the circum- 
ferential thickness T of the annular portion 4a (see Fig. 

25 1 2(b)) to the diameter Da of the cylindrical roller 3' is set 
to be0.5<T/Da<0.6. 

[0090] Similarly to the cylindrical roller bearing 14 
shown in Fig. 1, the inner ring 1' of the cylindrical roller 
bearing 14' of this embodiment is coupled on the outer 

30 periphery of the spindle 1 1 , while its outer ring 2' is cou-. 
pled on the inner periphery of the housing 12. Radial 
internal clearances of the bearing in operation are neg- 
ative clearances, for example, and lubrication is provid- 
ed by any of air/oil lubrication, oil mist lubrication, jet lu- 

35 brication, and grease lubrication. 

[0091] When the spindle 11 is rotated at high speed 
by the motor 1 0 built in the spindle apparatus, it is rotat- 
ably supported by the angular ball bearings 13 on the 
front side and the cylindrical roller bearing 14' on the 

40 rear side with respect to the housing 12. Any thermal 
expansion of the spindle 11 in the axial direction due to 
temperature rise during the operation is absorbed or re- 
lieved by sliding displacement between the outer ring 2' 
and the cylindrical rollers 3' of the cylindrical roller bear- 

45 ing 14'. 

[0092] The following examples 1 , 2 and comparative 
example 1 of cylindrical roller bearings were operated 
with an air/oil lubrication system in a condition wherein 
the inner ring was rotated, and the relationship between 
so the rotation speed and the temperature rise of the outer 
ring was obtained. The results are shown in Fig. 14. 

[Test Bearings] 

55 [0093] 

Example 1 : Cylindrical Roller Bearing (Da = 7 mm, 
Lw = 7 mm, Number of Rollers: 20, Cage: Machined 
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High Tension Brass Casting Cage, Da/H = 0.35, LW/ 
B = 0.35) 

Example 2: Cylindrical Roller Bearing (Da = 7 mm, 
Lw = 7 mm, Number of Rollers: 20, Cage: PEEK + 
30wt% Carbon Fiber, Da/H = 0.35, LW/B = 0.35) 

[0094] Comparative example 1 : Standard Cylindrical 
Roller Bearing (Da = 9 mm, Lw = 9 mm, Number of Roll- 
ers: 23, Cage: Machined High Tension Brass Casting 
Cage, Da/H = 0.45, LW/B = 0.45) 

[Points Common to All Examples] 

[0095] 

Bearing Size: d = 70 mm, D = 110 mm, B = 20 mm 
Bearing Clearance: Initial Radial Clearance after 
Assembly = 0 urn 
Lubrication: Air/Oil (VG32) 
Housing Cooling: Provided 

[0096] As can be seen from Fig. 1 4, the temperature 
rise of the outer ring was slower in the cylindrical roller 
bearings of the examples 1 , 2 than in the comparative 
example 1 , and was particularly so in the example 2 
which used a cage made of PEEK and 30wt% of carbon 
fiber. 

[0097] Fig. 1 5 shows calculation results of radial rigid- 
ity with respect to the cylindrical roller bearing of the 
above example 1 and duplex angular ball bearings of 
the following comparative example 2: 
[0098] Comparative example 2: NTN Ceramic Ball 
Back-to-Back Duplex Angular 

Contact Bearing (5S-HSB01 4CDB/GL) 
Contact Angle = 15°, Pre-Load: light, Bearing Size: 
Same as Example 1 

[0099] As can be seen from Fig. 15, radial rigidity in 
the cylindrical roller bearing of example 1 was substan- 
tially equal to or more than that of the duplex angular 
ball bearings of comparative example 2. 
[0100] Next, the cylindrical roller bearings of the 
above examples 1 , 2 were operated with a grease lubri- 
cation system in a condition wherein the inner ring was 
rotated, to obtain the relationship between the rotation 
speed and the temperature rise of the outer ring. The 
results are shown in Fig. 16. 

[Points Common to both Examples] 

[0101] 

Bearing Clearance: Initial Radial Clearance after 
Assembly = 0 \im 

Amount of Sealed Grease: 10% of Space Volume 
Housing Cooling: Provided 

[0102] As can be seen from Fig. 1 6, a sharp inclination 
was observed in the temperature rise in the high speed 



range of 1 2 x 1 0 3 /min rpm or more in the cylindrical roller 
bearing of example 1 which used a machined high ten- 
sion brass casting' cage. On the other hand, no such 
drastic temperature rise was observed even in the high 

5 speed range of 12 x 1 0/Vmin rpm or more in the cylin- 
drical roller bearing of example 2 which used the resin 
cage made of PEEK and 30wt% of carbon fiber. This 
shows that the cylindrical roller bearing of example 2 is 
more suitable for high speed applications with a grease 

10 lubrication system. 

[0103] It should be noted that all structures pertaining 
to the cylindrical roller bearing 14 of the embodiment 
shown in Fig. 2 can be applied to the cylindrical roller 
bearing 14' of the other embodiment shown in Fig. 11 . 

15 

Claims 

1 . A cylindrical roller bearing comprising an inner ring 
20 having a raceway on an outer periphery thereof, an 

outer ring having a raceway on an inner periphery 
thereof, and a plurality of cylindrical rollers rotatably 
arranged between the raceway of the inner ring and 
the raceway of the outer ring, at least one of the 
25 inner ring and the outer ring being provided with col- 
lars respectively on both sides of its raceway, and 
at least one of the collars being provided with a re- 
cess at a corner where the raceway intersects a col- 
lar surface, wherein 
30 a critical skew angle e T , that is a maximum 

skew angle at which a boundary between an end 
face and a chamfer of the cylindrical roller makes 
contact with a boundary between the collar surface 
and the recess, is restricted to be a predetermined 
35 angle or smaller. 

2. The cylindrical roller bearing according to claim 1 , 
wherein the critical skew angle &p is restricted to the 
predetermined angle or smaller by controlling a di- 

40 mensional difference 5 between a height hi of the 
recess and a height h2 of the chamfer of the cylin- 
drical roller within a predetermined limit. 

3. The cylindrical roller bearing according to claim 2, 
45 wherein the dimensional difference 8 is controlled 

to be 0.3 mm or smaller. 

4. The cylindrical roller bearing according to claim 1 , 
wherein the critical skew angle ftp is restricted to be 

50 1 4 minutes or smaller. 

5. The cylindrical roller bearing according to claim 1 , 
wherein at least one of the chamfer of the cylindrical 
rollers and the recess provided to the inner ring is 

55 formed by machining after a heat treatment. 

6. The cylindrical roller bearing according to claim 1 , 
wherein a maximum skew angle 8 M ax> at which both 
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ends of the cylindrical rollers respectively make 
contact with the collars on both sides, is restricted 
to be a predetermined angle or smaller. 

7. The cylindrical roller bearing according to claim 6, 
wherein the maximum skew angle 6 MAX is restricted 
to be 37 minutes or smaller. 

8. The cylindrical roller bearing according to claim 1 
assembled in a spindle apparatus of a machining 
tool. 

9. A cylindrical roller bearing comprising an inner ring 
having a raceway on an outer periphery thereof, an 
outer ring having a raceway on an inner periphery 
thereof, and a plurality of cylindrical rollers rotatably 
arranged between the raceway of the inner ring and 
the raceway of the outer ring, wherein 

a condition of 0.3 < Da/H < 0.45 is satisfied, 
where Da is a diameter of the cylindrical rollers 
and H is a cross-sectional height expressed as 
(D-d)/2, where D is an outer diameter of the 
bearing and d is an inner diameter of the bear- 
ing, and wherein 

a condition of 0.3 < Lw/B <0.45 is satisfied, 
where Lw is a length of the cylindrical rollers 
and B is a width of the bearing. 

10. The cylindrical roller bearing according to claim 9, 
further comprising a cage for holding the plurality of 
cylindrical rollers, wherein the cage is made of a 
resin material. 

11. The cylindrical roller bearing according to claim 9 
assembled in a spindle apparatus of a machining 
tool. 

12. A spindle apparatus of a machining tool, compris- 
ing: 

a housing; 

a spindle accommodated in the housing; 
a rolling bearing on a front side and a rolling 
bearing on a rear side for rotatably supporting 
the spindle relative to the housing, the spindle 
being rotated by a built-in motor, wherein 
the rolling bearing on the rear side is a cylindri- 
cal roller bearing comprising an inner ring hav- 
ing a raceway on an outer periphery thereof, an 
outer ring having a raceway on an inner periph- 
ery thereof and a plurality of cylindrical rollers 
rotatably arranged between the raceway of the 
inner ring and the raceway of the. outer ring, 
wherein 

a condition of 0.3 < Da/H < 0.45 is satisfied, 
where Da is a diameter of the cylindrical rollers 
and H is a cross-sectional height expressed as 



(D-d)/2, where D is an outer diameter of the 
bearing and d is an inner diameter of the bear- 
ing. 

5 13. The spindle apparatus of a machining tool accord- 
ing to claim 12, wherein a condition of 0.3 < Lw/B 
<0.45 is satisfied, where Lw is a length of the cylin- 
drical rollers and B is a width of the bearing. 

10 14. The spindle apparatus of a machining tool accord- 
ing to claim 12, further comprising acagefor holding 
the plurality of cylindrical rollers, wherein the cage 
is made of a resin material. 
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FIG.2 
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FIG. 3 
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FIG. 4 
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FIG. 7 
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FIG. 10 
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FIG. 12(a) 
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FIG. 13 
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ABSTRACT: 

CHG DATE=20031203 STATUS=0>There is disclosed a cylindrical roller bearing 
(14) comprising an inner ring (1) having a raceway (1a) on an outer periphery 
thereof, an outer ring (2) having a raceway (2a) on an inner periphery thereof, 
and a plurality of cylindrical rollers (3) rotatably arranged between the 
raceway (1a) of the inner ring (1) and the raceway (2a) of the outer ring (2). 
At least one of the inner ring (1) and the outer ring (2) is provided with 
collars (1b) respectively on both sides of its raceway (1a), and at least one 
of the collars (1b) being provided with a recess (1c) at a corner where the 
raceway (1 ) intersects a collar surface (1 b1 ). A critical skew angle 
&thetas;T, that is a maximum skew angle at which a boundary between an end face 
and a chamfer of the cylindrical roller (3) makes contact with a boundary 
between the collar surface (1b1) and the recess (1c), is restricted to be a 
predetermined angle or smaller. Contact surface pressure P increases rather 
drastically in proportion to skew angle &thetas; within the range of 0 < 
&thetas; ≤ &thetas;T, but because the critical skew angle &thetas;T is 
restricted to be small, the contact surface pressure P changes in a low range 
below a certain level P0 at which wear occurs in contact portions. Thus 
restricting the critical skew angle &thetas;T to a small angle reduces the 
contact surface pressure P and suppresses heat generation and wear in the 
contact portions. 
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Abstract Text -FPAR(1): 

CHG DATE=20031203 STATUS=0>There is disclosed a cylindrical roller bearing 
(14) comprising an inner ring (1) having a raceway (1a) on an outer periphery 
thereof, an outer ring (2) having a raceway (2a) on an inner periphery thereof, 
and a plurality of cylindrical rollers (3) rotatably arranged between the 
raceway (1a) of the inner ring (1) and the raceway (2a) of the outer ring (2). 
At least one of the inner ring (1) and the outer ring (2) is provided with 
collars (1b) respectively on both sides of its raceway (1a), and at least one 
of the collars (1b) being provided with a recess (1c) at a corner where the 
raceway (1) intersects a collar surface (1b1). A critical skew angle 
&thetas;T, that is a maximum skew angle at which a boundary between an end face 
and a chamfer of the cylindrical roller (3) makes contact with a boundary 
between the collar surface (1b1) and the recess (1c), is restricted to be a 
predetermined angle or smaller. Contact surface pressure P increases rather 
drastically in proportion to skew angle &thetas; within the range of 0 < 
&thetas; ≤ &thetas;T, but because the critical skew angle &thetas;T is 
restricted to be small, the contact surface pressure P changes in a low range 
below a certain level PO at which wear occurs in contact portions. Thus 
restricting the critical skew angle &thetas;T to a small angle reduces the 
contact surface pressure P and suppresses heat generation and wear in the 
contact portions. 
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